SUMMARY Acute aortic regurgitation was created experimentally in 21 mongrel dogs to examine the relationship of the regurgitant jet to observed echocardiographic findings. The direction of the regurgitant jet was studied by echo contrast injections in the aortic root. Diastolic fluttering of the anterior mitral leaflet (AML) was noted in all 21 dogs irrespective of direction of the jet. Diastolic fluttering of the interventricular septum (IVS) JET LESIONS caused by the jet stream in various heart diseases were described in 1958 by Edwards and Burchell. ' They found that the common sites for a left ventricular jet lesion in aortic regurgitation were the ventricular surface of the anterior mitral leaflet (AML) and the surface of the interventricular septum (IVS) subjacent to the aortic valve. In aortic regurgitation, several echocardiographic findings have been reported.2-" Diastolic fluttering of the AML and that of the IVS are thought to result from regurgitant jets impinging on them.
SUMMARY Acute aortic regurgitation was created experimentally in 21 mongrel dogs to examine the relationship of the regurgitant jet to observed echocardiographic findings. The direction of the regurgitant jet was studied by echo contrast injections in the aortic root. Diastolic fluttering of the anterior mitral leaflet (AML) was noted in all 21 dogs irrespective of direction of the jet. Diastolic fluttering of the interventricular septum (IVS) was noted in six of the seven dogs with a tear of the noncoronary cusp and in one of seven dogs with lesions in the left coronary cusp. In all seven dogs with echocardiographically demonstrated IVS fluttering, a regurgitant jet impinged on the anterior part of the IVS. Amplitude of the AML excursion was not significantly different from control when the lesions involved the noncoronary or the left coronary cusps. However, all seven dogs that had a lesion in the right coronary cusp demonstrated a significant reduction in the amplitude of the AML excursion. The regurgitant jet in these dogs impinged uniformly on the AML. We conclude that diastolic fluttering of the AML is uniformly observed and unrelated to the direction of the regurgitant jet, diastolic fluttering of the IVS is caused by the regurgitant jet impinging upon the IVS, and amplitude of the AML may be reduced as a result of a jet impingement of the AML.
JET LESIONS caused by the jet stream in various heart diseases were described in 1958 by Edwards and Burchell. ' They found that the common sites for a left ventricular jet lesion in aortic regurgitation were the ventricular surface of the anterior mitral leaflet (AML) and the surface of the interventricular septum (IVS) subjacent to the aortic valve. In aortic regurgitation, several echocardiographic findings have been reported.2-" Diastolic fluttering of the AML and that of the IVS are thought to result from regurgitant jets impinging on them.
In the present study, using an experimental model of acute aortic regurgitation, we attempted to correlate the site of the jet impact with echocardiographic findings of diastolic fluttering of the AML and the IVS.
Materials and Methods
Twenty-one mongrel dogs that weighed 14-22 kg were anesthetized with i.v. pentobarbital and ventilated with room air. A midsternal thoracotomy was performed. Aortic regurgitation was produced by cutting an aortic cusp using a nerve hook through the cardiac apex ( fig. 1) .
The dogs were separated into three groups of seven dogs each. Dogs in group 1 had lesions in the noncoronary cusp (NCC), group 2 in the left coronary cusp (LCC) and group 3 in the right coronary cusp (RCC). The direction of the regurgitant jet was determined from contrast echocardiograms of cold saline solution injected into the ascending aorta about 2 cm above the aortic root. We also examined the direction of the regurgitant stream by pouring water into the aortic root of the excised heart. In all 21 dogs, the two methods were consistent.
Left ventricular and aortic pressures were measured by placing the fluid-filled catheter in the left ventricle through the cardiac apex and in the ascending aorta through the right carotid artery. The pressures were recorded using a strain-gauge transducer (Statham P23-ID). A flow probe was attached to the aortic root and the phasic aortic flow and integrated aortic flow were recorded by a electromagnetic flowmeter (NihonKohden). Regurgitant fraction was calculated as regurgitant volume/total forward volume. M-mode echocardiograms were obtained using the Sonocardiograph SSL-5 1U with a 3.0-MHz transducer S mm in diameter. The direction of the regurgitant jet was recorded during contrast echocardiography using a two-dimensional echo format with a Toshiba SSH-11 A while recording the images on a movie camera or Polaroid camera. The transducer was gently placed on the right ventricular outflow tract and angled to record the anterior part of the IVS and the AML so as to simulate the parasternal approach of clinical practice. At autopsy, the anatomic relationships of the position of a transducer and the direction of ultrasound beam to the IVS and AML of the heart were examined ( fig. 2) .
Results The overall results of the frequency of echocardiographic findings in each group of dogs are summarized in table 1. The midportion of the NCC was vertically cut in six of seven dogs of group 1. In these dogs (nos. 1-6), a regurgitant jet impinged upon the anterior part of the IVS ( fig. 3A) . The In six of seven dogs of group 2 (nos. 8-13), the midportion of the LCC was vertically cut and a regurgitant jet impinged upon the posterior part of the IVS. There were no significant differences between three groups in heart rate, diastolic pressure of the aorta, left ventricular end-diastolic pressure, total forward volume, net forward volume, regurgitant volume and regurgitant fraction in both the control state and aortic regurgitation (table 2) .
Discussion
The results of the present study are summarized in figure 7 .
We studied the relationship between the site upon which a regurgitant jet impinged and the location and direction of the cut within an aortic cusp. The results revealed that (1) a regurgitant jet is directed to and impinges upon the anterior part of the IVS when the midportion of the NCC is vertically cut and the anterior part of the LCC is obliquely cut; (2) a regurgitant jet is directed to the posterior part of the IVS when the midportion of the LCC is vertically cut; (3) a regurgitant jet is directed to and impinges upon the AML From these observations, we think that the decreased amplitude of the AML seen in this experiment was caused by the jet impact upon the AML.
The observation in dog 21 that decreased amplitude of the AML appeared at the first cut of the RCC and then disappeared after the second cut of the NCC may be explained by the presence or absence ofjet impingement upon the AML. To our knowledge, there has been no systematic study on the change of the amplitude of the AML in aortic regurgitation. Two of our patients had aortic regurgitation and decreased amplitude of the AML in the absence of clinical manifestation of advanced heart failure (New York Heart Association Class II). Aortography showed a regurgitant jet directed posteriorly to the AML. We believe that the decreased amplitude of the AML in these cases may be due to the jet impact, which prevents it from opening during diastole.
We conclude that in aortic regurgitation, the direction of the regurgitant jet is an important determinant in producing diastolic fluttering of the IVS and in decreasing the amplitude of the AML. This conclusion may be useful in the interpretation of echocardiographic abnormalities demonstrated in patients with aortic regurgitation.
